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imm4] m^iip^>mm3tx<D^-rtiiHi TyT-^mm<&mK&£±v.mfo?>m&tm 
minms^fttm^iztzmLt-thytTj imtzzenz4 5mmzt&. *<rM%. yr^r- 
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5nmt*S. -eLT. BiYIG K3 0 7*><?>^S4'JfcS 
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50 Xmmk A = 1 3 1 0 n m. SiJS3 2 0 (-^OgJS 
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o^l&^aswfc^ttfcov^ MMMzte. n=3. 

4. 5<7)^-t:t5V^«JKm^*3 0 0fc^T. A 

#f £31^. S2{i. «i«u «a»*^s*&t^7 

t 7f — #f £SU «l«l{iv^-riit,A«3t^» 

1310 nm«> 7 r 5T-@<feft0 

[ 0 0 3 8 ] Z C-C. *^W«8g&tf M&bfc(Si02/ 
Ta2ft) li /BiYIG/(Ta 2 05/Si0 2 )i* 18gtf>£lKtf>H£v3fc 

[00 3 9]^itc^i<0«^J^ft3 0 0(i. 28 

mommmm :sm3 2 0 (-*<ogis«^is) . si 
02m 2 1 (mammm®) } ojsst* (si)g3 2 

0OJg*fSf9fe= 3.11. S1O2K3 2 1 C9Jg#f*Mt= 

l. 4 15)<oH£*£<fcS£fcfcJ:'3. JSSr^ffl 
H&aStSft (Sim*^IS3 10, 311) £K»Jf 

3K39»*£*§S n = 3-C13 

JI. n=4-C17®. n = 5-C21«fc^V^lre 

[004 0] *LT. ^(Oko^^yr^-m, 

izX<0. WkzxhiM^K**). tit. Tu-bxay 

Yu-^iidmm^^tt^mmt o^&ii* 
[ 0 0 4 1 ] iKt. *i«H<7)iiife<^«iosa^3^f*a 

m (BiYic mm) zmm-z. #±s&#-*-y vmt 
#>. mmsmixx-*? viUMLZ-ttzxmm 

tasmrn . ^ coxnz n ®mm-z t k a 9*«di 

<9(Si/Si0 2 )»/BiYIG/(Si0 2 /Si)° ^?)«t§^#£^ 
[0 0 4 2] SiSlgfcSifeSig^MSrgitctT, 

s«ia*^ffis*f^j#oA/4coa^^is atta 
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IfSiOiSK) «L. &fci§Si>r*£*!roA/4<0Ji: 
*<93l§i (0<i.<fSiSJS) (Si0 2 /Si)"/BiYI 

[0043] U»U mi%±m&#-* yh$:m^fi: 

*/9WmziiT*fryTAm?W.B:i:ntt^t:#>. n 

mx v$thx) Lto. zvfcfr. *.%%msmm 
mmx-h-yt:. zcrm&mmx'ii. a9t^-rid 

fc. *^$*13tS«*^2 0 1 ±£>f yy^Ay-h 
202£-feyhU 4 >^A^-h20 2ffiUiZWSL 
203 CMi.«fHI^7^D £8MU £fi2 0 3<0± 
fc*ft«fc UT<7)^^ >y S'-tf-tfy 2 0 4 -y 
£. 

[0 044]fflg2 0 3fc{i. HlfC^-r^S3K^1t 

(sio 2 /si)» ji3io ( -mmmzmm?) o 
n : mmm mmztiz. sm (tmmm) & 

&&mii&mxmiLZtLX\>*&. ms.203kLxn. 
m®m\Mmw2 2 otiSBiYic um2 0 7c^g 

[0045] ^L,T. CIO (Si0 2 /Si)» J§3 1 0<^)± 
fc:. BiYIG ^Efi3 0 7 C#±»^^-*-y b D ^J«)8$ 

30 ti. zmmximtzx a t*^#AJn^B2 2 
m., tsafl:$n^BiYiG ^3 0 i*%ts (si02/si)» 

/BiYIG ^±K(Si/Si0 2 )»S3 1 1 (2O0gim£Jf 
K<7)d^fiWr) *«lSlS$tLT. 01fcjjrt(SiO 2 /Si)» 

/BiYiG/(si/si02)» mmm^¥&3QQmmti 

h . 880^*3 0 0 cr>fa«iv;H-^-^ -yfRFV 
7* hpyx^-y i Off ofc. 

[0 04 6JI5iE*^^Ai!n^S2 2 0{±. @9t 
*^-J: #^t*-A£3fc£^S*^J&l=SS2 2 
40 1 i: . jfiJMIt-Afcftjes**^ 1 1/-11-XV2 

o 4 i: . 2 o i ^mh^mm 222 

m&Wy*>v-ii-iZV2QAWi$m\zffl&L 

[0047] *tx. rnmmxm^22otzxt 

BiYIG ^IS3 0 7^^rJSij!!ia^|gt:»i. W8.*)V? 
20Ut^mtl. Z.iWL£*)W6L2 Q3*mLX (Si 

th/si)- 13 1 o*«}#a§^„ laMluiief 
tz. ffimiz£VW£±&Lt:r5~/i'-#-#>20 
50 4 (c J; OBi YIG ^K3 0 7 <0^*«3ix. JSs^Sti 
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h. *jmt-AllBK6W=«BH-* OVV [0052] ttz. ?7vis-*r-#y2 0 4£J:m 

xmti) x?tzix^&. m.t-j>tm:ixx*). mmtmizfroioiz 

[0048] ij£U:J:3fc: (Si0 2 /Si)» J1310## LX^t. ;»/57>-*-jU>'2 04£^ft 

a^n-CV^dfcfciO. (Si02/Si)» 1310OSifc -ft:. ^S^ffdiptcLTtJ:^. f^<0^tt<^ 
Si0 2 Wffl5J£tb^B5±$ixS. Cl«)t«). <Si0 2 /Si)» #*HSSAJn»SI*2 2 0*^<r)*fl-&b*-i>, 

«3i o^s»HS^a3ft£::fc#*<££fc#fc. *fl&vc. biyig w&3 0 7<v&mmm-m%& 

mmm&zi: mm fmioiimmsix. ^wcu^ cmctu-c. 01 ltc^ti^t, v 

&»it£#u ^ogn^a^yt^tt^^saESufe — f#£jflwcBiYiG o 7m&Kmmt:ft o 

[0049] v!Oll»^©-C{lSS203^aiU-C 10 d. ) . 

(Si0 2 /Si)" Jg3 lO£&^S%££0lfcU:#. [0053] £<082lttt»CfcL ffl£203#(SiO 

(Si(h/Si)° M3 1 0£tt8fc#im.«i: 5 fclWtl/t 2 /Si)»/BiYlGOiSIS$<i^®2r±fc:L-ca«*;^2 0 

t> M*. ^MUnil^lS2 2 OCASfysui'Ri^y 1 -y h $*u P-1fft«i2 3 lrt^V-lfftS- 

v-^-^y2 0 4^Bt?»«*t2 2 3i&SM$HiiaS <Si02/Si)»/BiYIGfcB8itLt\ BiYIG 3183 0 7£Jg|| 1 

^^io^M»^-ClgaflS?!t!!!«lU^i:#. Jfc& &tS) Xo£%hZtiz£*). BiYIG jSIS307?>tS 

E^irt^rXfllifCfc^feBiYIG »I8307«. ^b^iOSt^^tcOfc-rSCt^-C^S. 

fytraags 5 or-dgftffbw^. yryr- [0054] L<n&2mk<mmrQ\t. tii&omimb 

nifeft timvnsvFxim limhus &z%int mm mm (09 > -?^ts^T^^aj«ffii2 2 2&# 

Ofiifr^U:. iiz. BiYIG SBI3 0 7 tztfiMh&r 7 20 ^awia&cfilt^ 1 ). -eoih ®i8tfm,£.%Z>t#; 

[0050] ^arSrJlllSd^ti 0 (Si02/Si)»/B 4. ±i&> 2 ocOHJfc^J&Tlt ^ft&IS^^f*: 3 0 

iYlG£HWt!UIU -ec7)±t(Si/Si02)» £j£BILTft* 0JiLt^L^J:dt±#=5:7r7T-Sft*^LTt5 

S^(Si02/Si)»/BiYIG/(Si/Si02)»coa^^«:t. <K 3KT^ VV-^^t^^^^^fcfflV^T^ff 
fljRffli LT*^St&V^(Si0 2 /Si) n /BiYIG/(Si/Si0 2 ) 

"«&*DB£^tt£f£SU -5-it-f tl<0»»3^««^ [0055] *HJfc9»!B (SI 1 IUfeO»ffi&^2^ 

®ax^ M*»*fc. nfejpiL^v^e^^WiA wmm) x\t. m&%mmz&t&mGm<m 

=100 o~i 800 nmwmmzy * h-7?A> mtmttif s Z(o&zi£ffl&&zn^x?mi l zmmztvfz 

»,7imb1x. £>t . A = 1 3 1 0 nmfiOi: ,13 2o<7)gSm#£Jl&i: . i[2o<0i^««c^S^St: 

izm^v-tmtix^K. *te.*mmm<?> 30 ^tsett*isi:^^ia^3t^3oo^^tt 

A=1000-1800nm<0»S«C7*b-7;A' ^*<0S3fc«ffltt£fcot:^fc»J13;hJt2O?) 

yvxwnmbti. a= 1 3 1 0 nmntz mmmzmt. m&mm±m:hmm$:m 

%£mw&v-?mstix^&zttfbi>^t:. zco tmsm^mmm^ifi^m^zwmir^x^. 

^scoiKSv^^f^sjs^x^^ wuoug^aifc t' i?ie2ocoaBijaas«osfc#±a^-* * K?>£&tt 

vmtKt^iz. zoztii. m#mxm&a:22 wmmifhXoizLxm&^tvtzm^i^mz. *m 

0 m^xmimt'-j**:mtttz> z 1 1 j 0 » biyig ti^s 1 isfe^s*^ 2 gtfctfga ) t^sft 

mm307mit&tt&z\ttfxzzmmgfcx'. zmm (u^xusmm) immvxiyxw zco 
(si02/si)»/BiYiG/ (si/si02) n mm^mmco^wm 40 ^ti>. mmt^mm®m&&-rzk%<tm$±m 

[ 0 0 5 1 ] tiz. IMlizi 3 1> (Si0 2 /Si) "/BiYIG [0056] *m&)jm 1 H»<^®&^2H 

zimmL. *(7)±.iz(si/sm*ZfmLxfimztifz tumm) tfc^r. biyig sub o 7*«t*«&t 

±£(Sio 2 /si)°/BiYiG/(Si/si02)» fl|jg««§«^*t HteU^ *%BBJid*itRR^i < . ffi^lji^- 

z\mm&ft3 0 0«^# ^7 r 7T-HHgft£?rr [0057] BafBKa^ftJrfflviT .012 

zzbifibfr^tz. z\(rmn<r)fmx'\t. **w&t'-A otcatr^yp-^ (^3iuio^©) zmfct&zt 

{i^:WfcHg|t^-S (^WAjlflW* ) i o IZ LX V^S 6. 0 1 2 fc^-TftTM V ffiife? 3 2 

COT. BiYIG fm3 0 7<?>l!iikft££'<)ftgm^i><?>lZ ASV«*?32Bt. «^32A&^3^32B 

■cs*. 50 <DUzm^ii%mmi4 5mm;tiit&wffl? 



(8) 

13 

moo (7r7T-[fiK^% wm&m?) t. mm 

SrWfnrt«.^«>tcfflV^^«>WiitAS6P53 3 tfrbtt 

[0058] z0)m3mk<7>Bf8?wt. wm&i* 3 0 

0 (Bi » . si02jg3 2i (bi#^) ] nwrnm 

coH£*§ < i: S £ 1 1 J: 0 . StfWBJI&Simfc 
(gtmft£S!£3 10, 311) SrKStJffcJBwCiJ 

[00 59] *LT. »^5t^«c3 0 0fc:o^T. ±£ 
9 «^£0S£fc**T-£i> aSOES* 

moom\,^m3mk<rmim%T'ivi'-? m 

1 2) (±. -e<D#tt^gjt*e*<5<oifo±$ra2,c:tai 

20 

[0060] 

[&BjK02bS] S*«l*^W^S3iTOV^-rih.*^ 

[0061] m$m4ifflcmi£ xnit . mm&i* 
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[0B<ofS#5rI&HH] 

[01] *mnm 1 n»ojg®cr)aE^3^ftSr^tt 

[02 ] *5feBB<0«§^ft{cfcJt&®ia^'<^ h 
[03] «tt«^JS^OA^O#tt^^0-C*S. 

[04 1 m&mmmm£*tti*r>m£x* 1 

fc0T&&„ 

[05] Y--r?X>**WTi7ftt. 
[06] O§v3K^««O^tt«<oa^^Stt0-Cj>5. 

[07] m^mm&&iK&&tw&tnm&m 

[08] 0 1 mm^^mm-m^-tmxb z, . 
[09 ] msmmm^mimtt^ -y mm 
y*jm«AJiffl^B^^0^*>^ . 

[010] 08<OiB&^rftttJttS|a3!!Ul/^->^ 
-T0CJ>S. 

[011] *m<r>m2m&m®mm-&t:ib<m 

[01 2] *?&^II35tfc<^»Sfc«£ft7M yw- 
?£*"t0*Cfc£. 

[013] m&mr 4 v v-^«-0!^^^0-cs. 

[014] 3fc7M Y^-*<7)»fttgg£5jrf0T*S. 

[015] fiawsa^3i^is<o«^^^«(c^^ 

[01 6] IKM^frc^^g^fc^r^-llBBftJ 
S?t0T*£. 

[ft^stBB] 

300 SEJi^fc 

307 atttttnis 

310, 311 mflE^JIR 

320 sijg (-ncvmmm) 

321 siihig (teKowmm®) 



[0i] 



3n 

307 



////// : 



. //;/// 



310 



' ' ' ' ' 



/ 



300 



-Si02(321) 
-51(320) 

-BiYIG 
~Si02(321) 
-Si (320) 
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■m ■ 


on « 
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IK 41 






.1 * rfi i 




i 


1 
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1. 



[B4] 



7* 



Si 







Mr* 


sum* 


au»r* 


Mi 


1.415 


2.35 


1.823527 


1J226&7 


M2 


1>»15 


3.11 


2.087773 


1.831698 
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[09] 



[07] 



[08] 





I 



i 



ED 



|gg»rasiO»)*/<T> 
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[010] [011] 




115] 



/ 



200 



2TI 
207 

210 



/ j / / j 

7 



//////: 



-Si02 

-TO205 

-Bi'YIG 

-S1O2 

-Tce05 
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I CHL) n H2MH(LH) a 
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[014] 




2A "'S'-as'l 




[iSittBl^JSl 3^8/11 H (2 00 1. 8. 1) 
[#8*E1] 

iwmmwm&i mm 

{.mm. i j usssimtttfc^rts 2ss?>smft 

z t *w&t^z>mm. i mtm$&&*. 
ornmmm&uk-cbz, z t &mt -timm 1 x 



[0001] 

x mLKimsmzmvzvmm&itim^x 

[0002] 

tarn ix u&ftx*? ftiMt&mmBmfrbto 
wt'W xm±<rt$tfm£%&9m*\ zr> 
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[ o o o 3 ] 3t7 r A^Mm^^^fzm^htmtr 

A yi^-^Ji. A#3frOffl3fcffl£4 5J£[BHg3-£S7y 
iotzLX^h. 

[0004] fiawtflfgffiftTM y ^-*"CHRW&*> 

cotix. m%fFt. m&t. 7r5r-s&«(«^ 
zmcK&i*tfrt>mf&2ixii><om&. mix. m 

Jt£>il3fc<Ofi3fcS£4 5glHM£3-frS7 r ^x-IUte? 
[0005] m i2 ( I ) lZ7*tm)3fofrt>AMLX < 

ffltt&b&m L 2AcoM%imcofmmf<v/£i o 2 

W4 5g|IICLfc3tl0 3fc^„ ^^4 5g|H(6L 
fc3fo9mfrfifc¥trfc££.k?tcm72B<^^ 

mhbitz tMm^mthmmrcmff-2 b £ji 

j&L"0><. 0.12.(11) <0J:dt^ 3te7r4A 
3t^2 B<7X@3fcfr|6i<7)jS^l 0 6^W--5-iffiSL. 

3ti o 7 twmmBiztixm£\±mt>%\\ 
[0006] z<7)y r jf-mfcfX'b&mgicKfrm? 
t lx . a f y u v^m-* •? b (yig> ^txvxg 

&ft±S&#-*»/ MBiYIGXoJ: o&Jti&fc^&H 

^r«oem3t^!&*5^rs»^. ggg wiey-** 

is*)V (LPE) J«ft(CTSI8fl:fC#!t#*SaSie*i 

4vu-9ki.xm\>*hm&* wjvu-ftLxm 
mhwzmttthA 5£<7>7T7T-HH6ft£*& 

< (S^^HO^TUiidtv^^S^fco 
[0 0 0 7] ?^$fflxe^iKLPE))S 



( l p e ) t x <)fmzitt:mmm%.<om s tc»& 

*£fflgfc=arSGGG «H>>iwM»Stt 

[0008]-*. *iif6H^ii±E<oLPE -cf^s-rs 
izfr&®mffls^mm:x.v^vx* y vm&m 

T««tt* k rnmts&mmz t^miz txtm 
mzMtiLLtii>n *. *mm&mch2ma<7>i!m fo 
v*a>m ? tfiiOtt^ *> ->xie£.&mztitz 2i<m 

ffl3fc?&tfft3fc?i: LTti. ;fr*PB<0n- a V7* 

tu-/^(pb5) mim»t>tLX»?>. 

[0009] mi3SZ*mmt>imgiLt:ftT4 VV 

5v^*2oo«. *?miz\zx-?xwmi±3mtf- 
(biyig) m&imm2 o i ] ^«v\ -e»^B 

(Si02Aa205)^ Blg C3I«*^«IB2 1 

o 3 a^dazft/sithx^sis cnsft^«iS2 1 1 : 

£SltT«l£$fl^ (Si(h Aa205 )"/Bi YIG/(Ta 2 0b/Si02 ) 
[0010] 

[^»!) J jB^LJ:3t^SillSiJ @14.{=(Si0 2 /Ta2(k) 

i2/BiYiG/(Ta 2 05/sio 2 )i2 m^mmmm^m 
*m&t7T77-m&mMm£y*t. »*i 

3 00nmttQ7r7f- Wfcft\t32° TfeO. C1<0 
^(0#B{B<0^Jia«4 9g-C?>& . 7 y ^-El 

Kft^4 5- ix-±z<^j>wmiznm&z%<Tth 

[0011] 

m&mmzm-z 2wmcoimmwLti ! *(Dmz 
izmm i> ^x&ziznmztifz 2mmmmmm 
m^mmmw^izBtftim&ffimki 
ift&mm&ttiz&^x. mi2wmmimm 

m®fo%mttmmkmzzkt:¥®iki-z>. 
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[0012] mm2sm<rmnt. mxm i 
m&#tzs^x. -^mmmmmmmma 

mmsmftbt&^T. tm-^mrnmrnisix 
t. 

[0013] mmAm.mmi. vu-rv 

[0014] 

mwk<^&mim&wmt *m&wm&w.nz 
m*z<v/(Mmmz>te<Lx. 2mLammtmm<7) 

f 0 0 1 5 1 mfetl^lga<0^@S:HtHBi-&Biffc:. *B 
2^f£C1i. «^,&<DX;M^^<i^\>K=?*>y 

401(a) i:mU3t7:rh-'y^yF^-5'r 
( b ) £03fc*i\ 

[ 0 0 1 6 ] £ *: . Sma^i«O^Jffl»5:flBt«-a5C 
•y ?Ky >y r+cD^^^^a^a^s i 3 fc: 

e^M^«c<o^&<^^<o«^^H4^-r. 
tTfco. zcnm&<vb t ^~-?%im&b±$%m^ 

[0017] mix* m&ftm&z&t&zm?) 
mmMtfzcomztm&i^x&zizmzii 

4^st)t-r. ) ^2o^gwft^igosm»ts 
m-h b%\^<r>mm&k t±$%®5tf(&mkbm 



[ooisistc^itcs-^vc. *m&%imfo 
mmiz&z>wm&#3oo£^x. artzwrn- 

WU LT(BiY)3Fes0i 2 ^-^-y MS CWT. 

as. mtBiYiGK (attfr^i83 07) b^oivm 

0, 31 1 bLX . SiK3 2 0 (-1jCD&mtmWi) b 

si(feii3 2i (mowmtmwi) bcDnmmmm 
Zti?tim^e>tixm. 

[0019] z<oio^mm^t¥3 o ogms&® 
R3 1 o, 3i ni . *m (mmmm3 o 7 ) 
£Wffinmii&iiLx&*). mmrnt CAitft 

H&tzfflMZiiX^Z. Wt». JS3£«B0tt£#U:« 
mZtlX^Z. Si0aK3 2 ltf))8«i Cl 3 1 0/ (4 
XI. 41 5) } =2 31nmT*0. SiK3 2O0»g 
JPi (13 1 0/(4X3. ll))=105nmtft 
S. *LT. BiYIG K3 0 7*^=5rS+*S«^aMi 

1B 3 1 o . 3i±nmim*hftixrzwmttLx*> 

*). *<0«Bgfct2 9 8nm (KttffclBlIi: LX A/2 ) 
X'tbt. ZZX. A3»fcgA = i3i0nm. Sift 
3 2 0 (-#<9gSSfci£l8) <omms= 3. 1 1 „ Si 
fcK3 2 1 (fl!dftf)l*«*iUS) tf)Jg#f*Mt= 1.41 
5 . BiYIG B<y)JB«f^NB=2. 1 9Tft&. 
[ 0 0 2 0 1 BI2t3 (Si/SiO ? )°/BiYIG/(Si02/Si)° 

ommomm&Kiz^x. mmizn. n=3. 

4. 5<0«^tCiiV^oaE^3^ft3 0 0t^T. A 

T^T-mme? zoo,. mn&vftii>*M%<w 

ftA^Uti^. H2A»^^>*^J:dfc. »^A*< 
131 0 nmffijffiX-. mB#&V7T77-®Wi0 

[002 1 ] zzx. *mM<mmmm^Lti(si(k/ 

Ta205) 12 /BiYIG/Cra205/Si02) 12 W^y^mWM^dt 

[0022] im&commv®&it&#3oo\±. 2a 
csiK3 2o (-umrntmrn) . si 

(feK3 2 1 (flKTOSim«^K) 3 <^JS*f* (Si|g3 2 
0OJg#f$Ms= 3.11. Si02jfi3 2 1 <7)Jg*f^lt= 

1. 4 1 5) <bhZblZ ±*). »tnMW£ > 
J: 03SiV^^ft^*L. ^^«^fi^*^#S 
<Ii;^"e#S. n = 3-C13fl. n = 4Tl 
71. n=5X'21®t^V^lfrCA#5r7T7T 

-mmmx^h. 

[0023] ZLX. CKOidfc^^r^T-lHie 

ft^#s±-c. tmimm<nmm'j?%<xz&c\b 

tciO. Sjt3Xh*i/h§<*0. 7o-kA3y 
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[ o o 2 4 ] <fct. *m<?>mmmBmm&fr& 

*£^A/4^IP*<DSIS£JEa£-tl> (tfctKSilkfS 
IS) . £<DIS£n|lliiigU #fct^vxffigii±§ 
MS (BiYlG SIS) t'^vxl 
JgH±g&#-* «y MSfcW^y ^fi&fcttT*;!'? r 

tc. ffigtf*£*£-?A/4<73JP*?)S&£JB)£L (flli. 

fcfcJ: 0*^<O(Si/Si02)»/BiYIG/(Si02/Si)» ffij@<9 

[0 0 2 53 SiSISkSiChSISOlIfraEfcLT. 
^ffl*>M£J@Jr3&£fco A /4 <DS*tf>SIS ( b I 
tfSitfeSlS) £»|£U Wzmtf&ZWyl/AVW- 

*<os§? immsifm) zm&th (sitfe/si)»/BiYi 
[00263 u»u flai Pt-xvxa&ft±g&# -» 

f&&at i •) tnfmw&ffltix imtix 

£££#^2 0 1 ±C4 y^Av- h 2 0 2 £ -fe -y 
-fyS^AS^- b20 2c0±ta«2 0 3 Cfltf. 

limit?*) £«®u mL203o±.£mffiti 

XnVv >y 2 0 4 S-fe y h-fS . 

[00273 SR2 0 3 KHL H 1 \Z7fCtW£h%& 3 & 

ilk/Si)" 1310 (~^m^Mf^)6^<7)-'1j. 
n : #»Jg3*U>. SiCfelfi (t8«*SH*) &tf 

sub itmftmximT'. mmtz.'&tf 

■&\i&mw®£tix^h. wsi203tLx\i. m 
mximgm.2 20££mm siS307<9is.M: 

[0 0 283 ^<O(Si02/Si)»«3 1OiO±t. 
BiYIG SIS 3 0 7 f h^ASfe^ ±%&ff-* "/ h ] 



US 2 2 0fc£ OBiYIG SJ83 0 7(«aWI*>l 

s*u ioa, ^afl:$n^BiYiG siS3 0 7i%ts 

(Si02/Si) n /BiYICW5_h{C(Si/SiOi)»J13 1 1 (20tfDS 

m^m^(oo*><omj) ttimziix. muftis 

i02/Si)»/BiYIG/(SiAi0 2 )" ffl£mm&K3 00tf 
fmZtil. ®$3(&ft3 0 0<0f^Ui"V;^^-y>y 

[00293 B»mSSAJn»§£g2 2 0 1±. HXt 
l!^l«h-A£&£^£#mSf8£&2 2 

lfc. m&v-J>zm;Z-*t&r7vi'--*-#>2 

0 4 t , fflR*;^- 2 0 1 £&ifft£&*P«fll2 2 2 
fc, HI»4'{c/7-y>'-*-<-K>'2 04oaBt:S»t 

k. SrfilxTV^. 

[00303 *M^AJll!!^S2 2 0tJ;S 

BiYiG a«3 07^M^5si<oKfcfi. mfc^y 

2 01«^S13fi. dntc«|:»)fflR2 0 3Sr)ifC(SiO 

2 /si)»«3 1 o*^as<is. mftfwtc. 

m&££ *)m±Wlti^y -y 2 0 4 

«k OBiYIG SM 3 0 7WM«fe3*U teSftSixS. 

[00313 ±3* Lfe«t o £(Si02/Si)»13 1 0*%» 
SilTV^ClkfcJ:*). (Si02/5i)°«310<OSii:Si02 
<vmMMltffi±Ztlh. ZVtitb. (Si02/Si)»S3 1 

>miz£ 0 BiYIG SIS 3 0 7 ^. ^gil. Bttlfi:® ^ 

mm&zm-tmm&m o o *«fm$ii5 £ 1 1 

[00323 £<^Ut<^fflrClifflR2 0 3 *atT(S 
i02/Si)»«310^»ri.^£Wfct^. (Si02/ 
Si)»l3 1 0£iffigfc:^aH-SJ:dt«JSL.Tt)J:vn 

#7mag!^iS2 2 o tci ifmrnw*?? y 
#y2 o 4miz»wii2 2i£imz-£im*-?- 

;P7TXffliS-Cfc-5/iBiYIG SIS 3 0 7it. 

85 0iCTttAft*9i^ 7T7T-|5H6flt>« 

^. tt:. BiYIG SK3 0 7{ClB^h.^7-y^»i^< 

[ 0 0 3 3 3 -3N H»SfiWR*3fifcJ: 0 (SiOz/Si)"/ 
BiYIG^fajdHL. -e«0±t(Si/Si02)» £j£ISLTff 
S$^(Si02/Si) n /BiYIG/(Si/Si02)"Oa^te^* 

k. JtKfflktTf«PIL : frV>(Si02/Si)»/BiYIG/(Si/S 

(iA=l 000-1800nm(0»^t7*h-y^ 



(15) 



^2002-49006 



rtyPXwnmhtl. it:. A=1310nmtf)k 

it:. *mk?m 

li. A = l 00 0~180 0nm^«JC7th-7 
jHlyW+v-riflltibtU it:. A=1310nm« 

tZ*>lzmiWM:V--?tfmh.X^&Zktfbfr~>t:. 

zozotz. mkitdm®i&wm&#t*m; 

A,zmii*frr>t:. Z\coz\t\i. ^8#AMS1 
2 2 0 SrfflVvt*fl«fc-A£B88fr&^(cJ: *) . Bi 

yig m&3 0 7<7)m&{t$:-$-&zb#?$hmimgft 
t, (sio 2 /si)»/BiYiG/ (si/sift)- tmnzmmnffl 

[00 34] JJBtfcidlC. (Sifc/Si)»/BiYIG 
«MS1U *^±!£<Si/SiaO"*JfflRLTfl*3*i*: 
±H<Si0 2 /Si)°/BiYiG/(Si/siOi) n «Ji^fiBEm^*tc: 
owe. 7r5T-H«*WCfc. *<Oi£*(05»&) 
£**S*#5*tt3 0 0{±*;£&7t ??-BEft£3T*- 
ZZbifibfr-yt:. Z\em&<mm~C\±. *fl*h*-.i> 
JilSXWfc»-f4 (^x«W4) J:3fcl/0»* 
<W. BiYIG BR 3 0 7^g^k5ri DIMffiVvt,**: 

■c#4. 

[0035] r?vi/-*-#y2 04lZ£*)% 

LT^4. £W5*S'-;&-#>'2 0 4fcSlt 

JTCIi. *^^AJB^S2 2 0*^<^|^ l b'-i, 
fcfflWC, BiYIG &R3 0 7«)»Ifl9MSI&fr3«& 

if^w^tBiYiG 3 o 7atttMH»ea£*T3 i 

SfcLTiJ:^ (mil. $23IItO»£klv?. ) . 

[0036] zcom 2mmmx-\t. mm.2 o 3#(Sio 

i/Si)»/BiYIG0jateftfcHfcJ^l/CaHR*^ 2 0 
1 ±fc-fc y h S*u W—f3ftS2 3 1 *»&*>l^-ff** 
(Sifc/SC/BiYIGtCHgjtLT. BiYIG »K3 07£lti& 

Art-*. is—rxzmmizmm-h uvuxm 

m-ti) £o£&h£t££<). BiYIG|S§!3 0 7<0*S 
ftfc* J: 9fflBSv»fc«*rt4 i k#T# 4 . 
[0037] £<DSB2 HftOJBJg-Cte. ISfi^fll 1 0SJS 
^® (07 ) T«Wk3*iTV*»jaiWi2 2 2&tf 
#»8Ui*CF£k£D. **>$h ffiJfctfSBC^kS 

4. ±Ec02ocoH»©»S-e#^4fiBE»3^ft3 0 

[0038] i&mmm {m£jtonmmf&2m 
mmm) iz&^x. biyig »^iS3 0 7^fflv^^^ 

*vhfmzmmxo£Lxi>x\,\ iti. suzmt 



Tmm*tzii\vcm&0tk\,>ee (mum a. i > t 
[0039] isteam^ft^fflv^T. miQiza&j: 

#T£4. miQ}Znc?%T4V\s-9\±. «3fc?3 2 
2Bt. mHtf3 2AmWt?F3 2 B 
<V®£.mhtl%cDM%ffiS:4 5 mm -tt4»§v3^ 

ft3oo (yryT-m&T-. mm&m?) k. WM 

£ffl!itt6t:)blzm^2>t:ib<njkHmG3 3 tfre>*& 
HWfc3*VCV>4. 

[0040] zn^zmmmx-it. mm&m o 
o#. .hau^c. mm^±^i2m.mm 

ttj5& CSi«t3 2 0 (01#9B) . Si(klg3 21 (Hi 

#«S) ] ££&40smtt£iKj3 10,31 1 ) zm 

4. 

[0041] ZLX. Wm&i*300iZ^X. ±z 

^7T7T-iHHEft*#4±'c. wmmmcommm 

fc. Tvtxa>hu-fri>}timjmtz%:&t:#mk 

&8i*)n&mzm&zttfTZhzkfrt>. mm? 
«c3oo^fflv^m3HSfc<^eJs^r-fyv-^ (0 
l 0 ) ti. -e*aftt*«jg*Hte 0<oi6|±*@4^kaj 
*4. 

[0042] 

[iMB^m] tsMi^it£«3£TwvffiM: 

ggftft>fe^4 2o^m^Ii|g^fija^-& g fc t: J: 
3te^&m5r#4Ck*s-C^. in vcii^&v>i$llf*??]8 

4. z\<?)tiit>. immmvmm&KKX'Z&ft. 
#smm%iz%htimmmi 'wammzzt 
[0043] ^«4 mtmmtz i wr, 

f?!*tt?5K<0««»£4»S:< 4 ^ k tc J: •) . S 
Jtr7Xb*J/h?<^0. 4>t. To-fexnyho-^fc 
ltfiEW§at*4fc*iSi*S4 0OO»Sr@4C:i:A { 

-e£4^k*^ zcomm&ibtm^tiifcTJvu- 

[0B«ISm=5rittBH] 

[01 ] *^omi **!<^®^a^3^«c^«^W 
fcSrTSrffi)0T'&4. 

[02 1 *mmm&mzmzmm&*'<.? h 

[03] 3tfe^07* 



(16) 
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[05.] ^V^ttfl^^tfc^t^S^fc^BS^S:* 

^#^a«AiiBisis^^r0T*s. 
[08.1 me<m@^zmh®>mw-v**t 

[09.1 *^B*o^2H»cDje@&iiHH-rs^«>o0c 

[010.] *mm3$mmmmz%T>t w- 

s. 

[0i 2] %ta w-*<r>wtmm:mwzbh. 



[013] fi!^»tti^l^»S*«^tcS^inii 
0T&S. 
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(54) MAGNETOOPTICAL BODY AND OPTICAL ISOLATOR USING THE MAGNETO OPTICAL BODY 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a magnetooptical body capable of enhancing 
a manufacturing cost and yield, and to provide an optical isolator using the 
magnetooptical body. 

SOLUTION: Dielectric material multi-layered films 310 and 3 1 1 each of which consists 
of n-layered films of Si films 320 having a refractive index Ms=3. 1 1 and Si02 films 321 
having a refractive index Mt=1.415 are provided on both sides of a magnetic material 
thin film 307 to form the magnetooptical body 300. Since the two dielectric material 
multi-layered films 310 and 311 composed of two kinds of dielectric material thin films 
having refractive indices greatly different from each other are used, more intense light 
can be located at a center part and high magnetooptical effect can be obtained and a 
large Faraday rotational angle can be obtained with a small number of laminated layers 
of the dielectric material thin films. Thus, the manufacturing cost can be reduced and the 
manufacturing yield can be improved because process control is made relatively easy. 



311 • 
: 307- 
310 



300 



■SU320) 
5r02l3211 



LEGAL STATUS 

Pate of request for examination] 28.08.2000 

[Date of sending the examiner's decision of rejection] 

[Kind of final disposal of application other than the examiner's 
decision of rejection or application converted registration] 

[Date of final disposal for application] 
[Patent number] 
Pate of registration] 

[Number of appeal against examiner's decision of rejection] 

Pate of requesting appeal against examiner's decision of 
rejection] 

Pate of extinction of right] 

Copyright (C); 1998,2003 Japan Patent Office 



1 of 1 



7/9/03 11:45 AM 



http://www4JpdlJpo.goJp^ 



* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 . This document has been translated by computer. So the translation may not reflect the original precisely. 
2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim 1] two dielectric multilayers by which the laminating of two kinds of dielectric thin films which have a different optical 
property was carried out by turns to the thickness with regularity - this the magneto-optics object with which the two 
aforementioned kinds of dielectric thin films are characterized by the value of the optical refractive index of one dielectric thin 
film differing from the value of the optical refractive index of the dielectric thin film of another side in the magneto-optics object 
which has the magnetic-substance thin film prepared between two dielectric multilayers 

[Claim 2] The magneto-optics object according to claim 1 characterized by for the optical refractive index of aforementioned one 
dielectric thin film being three or more, and the optical refractive index of the dielectric thin film of another side being less than 
three. 

[Claim 3] It is the magneto-optics object according to claim 1 or 2 which aforementioned one dielectric thin film is Si, and is 
characterized by the dielectric thin film of another side being Si02, 

[Claim 4] The optical isolator characterized by using the magneto-optics object of a publication for either from a claim 1 to a 
claim 3. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the optical isolator used for fiber optics communication, 
an optical instrumentation system, etc., and relates to a magneto-optics object and the optical isolator using this magneto-optics 
object in more detail. 
[0002] 

[Description of the Prior Art] The reflective noise which the reflected light from an optical connecter node, optical-circuit parts, 
etc. currently used all over an optical fiber circuit in the optical fiber communication system used as the light source, especially 
the optical system by high-speed digital transmission or the analog reactance modulation system carries out re-incidence of the 
semiconductor laser to laser, and is made becomes a system and a big problem on a device design in many cases. In this case, an 
optical isolator is used in order to remove a reflective re-incident light. While the basic function of an optical isolator transmits the 
outgoing radiation light from semiconductor laser (light source) to transmission lines, such as an optical fiber, by no losing 
through an optical isolator, it intercepts the reflected light from an optical fiber etc., and it is made not to return it to 
semiconductor laser (light source). 

[0003] While the optical isolator used for optical fiber communication system has the Faraday effect (magneto-optical effect) 
which rotates the plane of polarization of an incident light 45 degrees and transmits the outgoing radiation light from the light 
sources, such as semiconductor laser, to a transmission line by no losing, it intercepts the reflected light from the aforementioned 
transmission line, and it is made not to return it to the aforementioned light source side. 

[0004] As a general thing at the conventional optical isolator for communication, there are some which consist of a polarizer, an 
analyzer, and a magneto-optics object that has the Faraday effect (magneto-optical effect) and is established between the 
aforementioned polarizer and an analyzer. The structure of the optical isolator for communication and the principle of operation 
are shown in drawing 13 and drawing 14 . Profile composition of the optical isolator for communication of drawing 13 is carried 
out from the Faraday-rotation child (a Faraday cell, a magneto-optics element, magneto-optics object) 1 who it is prepared [ child 
] between polarizer 2A and analyzer 2B, and polarizer 2A and analyzer 2B, and rotates the plane of polarization of light 45 
degrees, and the permanent magnet 3 for using in order to impress a magnetic field. 

[0005] Although the light 101 which carries out incidence from the forward direction shown in drawing 14 (I) is a light which is 
not polarizing, if polarizer 2 A is passed, it will become the light 102 of only the component of the polarization direction of 
polarizer 2 A. Next, if the Faraday-rotation child 1 is passed, the polarization direction will serve as the light 103 which rotated 45 
degrees. If the polarization direction of analyzer 2B is united so that it may become these polarization direction of light and 
parallel that rotated 45 degrees, light passes analyzer 2B in the state of the minimum [ loss ]. On the other hand, like drawing 14 
(II), among the light 105 which reflected from the optical fiber etc. and has progressed to an opposite direction, only the 
component 106 of the polarization direction of analyzer 2B passes through this, and carries out incidence to the Faraday-rotation 
child 1 from an opposite direction. By non-reciprocity peculiar to the Faraday effect, this light rotates further 45 degrees to the 
case of the forward direction, and the same direction. Consequently, after passing the Faraday-rotation child 1, it becomes the 
light 107 which intersected perpendicularly with the polarization direction of a polarizer, and light is intercepted and does not 
return to the light source. 

[0006] As a magneto-optics element which is this Faraday-rotation child, it is a yttrium iron garnet (YIG). There is a single 
crystal thick film which thick-film-ized material which has the peculiar, comparatively big magneto-optical effect like a bismuth 
substitution rare earth iron garnet (BiYIG), and obtained it by liquid-phase-epitaxial (LPE) growth on the GGG (gadolinium 
gallium garnet) single crystal substrate. However, in order to secure 45 Faraday-rotation angles which is needed for functioning as 
an optical isolator when using, for example as an optical isolator from forming this single crystal thick film by 
liquid-phase-epitaxial (LPE) growth, thickness becomes thick, as a result a dimension becomes large, and it can respond suitable 
for the above-mentioned request. Moreover, since thickness was thick, there was a trouble that optical- absorption loss will 
become large (permeability is ). 

[0007] Furthermore, the actual condition was not being thing with the manufacturing technology sufficient in 
liquid-phase-epitaxial (LPE) growth in order to use many control parameters and to grow up a thick film. Furthermore, in order 
for a polarization angle to consider as rotation 45 degrees about a garnet thick film, it is liquid phase epitaxial (LPE). After it 
carries out precision polish of the thick film grown up and it carries out AR coat to predetermined thickness further, it cuts in the 
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size of an optical isolator. By the way, thickness is hundreds of micrometers and, as for Bi substitution garnet, a severe process 
tolerance is required. Moreover, GGG used as a substrate The single crystal wafer also contains the problem of being very 
expensive. 

[0008] It is LPE of the above [ an invention-in-this-application person ] on the other hand. In consideration of the trouble of the 
magneto-optics element to produce, the optical isolator constituted combining this magneto-optics object, and a polarizer and an 
analyzer is proposed using the magneto-optics object constituted so that the optical enhancement effect of a magneto-optics film 
might be used for improvement in the magneto-optical effect. There are what made irregular thickness of each class of the 
magnetic substance and a dielectric as composition of this magneto-optics object, and was formed in the shape of a thin film, and 
a thing equipped with two dielectric multilayers by which the laminating of the magnetic substance and the dielectric was carried 
out by turns to the thickness with regularity, and irregular laminating sections, this time - the rutile single crystal or polarization 
beam splitter (PBS) of the lotion prism and wedge type of a calcite as a polarizer and an analyzer etc. - it is used 
[0009] An example of the structure of the magneto-optics object constituted so that the optical enhancement effect of using for the 
optical isolator which this invention persons proposed to drawing 15 might be used is shown. This magneto-optics object 200 is a 
bismuth substitution rare earth garnet (BiYIG) to a center section. [The magneto-optics thin film 207] is used, on the both sides, 
respectively as a reflecting layer n/BiYIG(Si02/Ta 205)/(Ta205/Si02) n which prepared the cascade screen [the dielectric 
multilayer 211] which cascade screen [the dielectric multilayer 210] of (Si02/Ta 205) Reaches (Ta205/Si02), and was formed 
It is the magneto-optics object of the multilayer of structure. It is BiYIG here. A thin film [the magneto-optics thin film 207] is 
produced by the spatter etc. 
[0010] 

[Problem(s) to be Solved by the Invention] It is 1 2(Si02/Ta 205)/BiYIG/(Ta205/Si02) 1 2 to drawing 16 . The light 
transmittance and Faraday-rotation angle of a magneto-optics object of structure are shown. [ of a multilayer ] As shown in this 
drawing, in order to acquire a big Faraday-rotation angle, the number of laminatings of (Si02/Ta 205) must be made [ many ], 
and with the magneto-optics object of this drawing, membrane formation of 49 layers is needed in all Since a manufacturing cost 
will become large and a process control will also become difficult if the laminating of a cascade screen increases, the manufacture 
yield also becomes bad. As a result, the property and manufacture yield of an isolator using these magneto-optics objects become 
bad. 
[0011] 

[Means for Solving the Problem] two dielectric multilayers by which the laminating of two kinds of dielectric thin films which 
have the optical property from which invention according to claim 1 differs was carried out by turns to the thickness with 
regularity - this ~ in the magneto-optics object which has the magnetic-substance thin film prepared between two dielectric 
multilayers, the two aforementioned kinds of dielectric thin films are characterized by the value of the optical refractive index of 
one dielectric thin film differing from the value of the optical refractive index of the dielectric thin film of another side 
[0012] In a magneto-optics object according to claim 1, the optical refractive index of one dielectric thin film is three or more, 
and invention according to claim 2 is characterized by the optical refractive index of the dielectric thin film of another side being 
less than three. In a magneto-optics object according to claim 1, aforementioned one dielectric thin film of invention according to 
claim 3 is Si, and the dielectric thin film of another side is characterized by being Si02. 

[0013] Invention according to claim 4 is an optical isolator, and is characterized by using the magneto-optics object of a 

publication for either from a claim 1 to a claim 3. 

[0014] 

[Embodiments of the Invention] In the magneto-optics object which has the magnetic-substance thin film prepared between two 
dielectric multilayers the dielectric multilayer by which the laminating of two kinds of dielectric thin films in which this invention 
person has a different optical property was carried out by turns to the thickness with regularity - this - It found out that 
localization of a strong light was shown by the core of this magneto-optics object by one dielectric thin film's enlarging the optical 
refractive index among the two aforementioned kinds of dielectric thin films, and the dielectric thin film of another side making 
the optical refractive index small, and taking the large difference of the refractive index of two kinds of dielectric thin films. And 
even if it does not make [ more / not much ] the number of laminatings of a dielectric multilayer than this strong light localizes, a 
big Faraday-rotation angle is acquired. 

[00 1 5] Below, the gestalt of operation of this invention is explained based on drawing 1 or drawing 12 . The composition of the 
magneto-optics object concerning the gestalt of the 1st operation of this invention is explained in advance of this explanation 
based on drawing 3 or drawing 7 about the magnetic-substance thin film and dielectric multilayer which constitute a 
magneto-optics obj ect, although drawing 1 large-sketches. 

[0016] Here, the magnetic-substance thin film which constitutes a magneto-optics object is used as an optical film, and light 
thinks that incidence was carried out to the multilayer optical thin film 30 shown in drawing 3 by theta 0. Moreover, it is thetaj 
about the angle which carries out incidence to each class. It thinks. The matrix method for asking for a light transmittance T and 
the rate R of a light reflex can be then expressed as follows [a formula (1) - a formula (10)]. Here, if it can assume that a film 
surface is a half-infinite side, the amplitude reflection coefficient r or transmission coefficient t of a multilayer which consists of a 
low refraction layer (L layer) comes to be shown in a formula (1) and a formula (2), respectively. 
r=(etamEm-Hm)/(etamEm+Hm) - - (1) 
t=2etam/(etamE<SUB>m+Hm) - - (2) 

However, Em is an electric field vector and Hm is a magnetic field vector. 
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[0017] And about an electric field vector Em and a magnetic field vector Hm, as shown in a formula (3), it sets up. 
[Equation 1] 

(3) 



(«:K) 



[0018] At a formula (3), M is a matrix product and is M=ML ML -1... It is MJ...M two Ml. It carries out. Therefore, j-th matrix 
Mj of this thin film system It can express with a formula (4). 
[Equation 2] 



Jm„ im 12 Wco 85i gjsinSjy _ ^ 
(jm 21 m 22 J t^inj sinSj cosSj ) 



(6) 



[0019] At a formula (4), it is deltaj. deltaj= (2 pi/lambda) (njdjcosthetaj) -- -- (5) 

iSltr, it is njdjcosthetaj at an upper formula (5). Angle-of-refraction thetaj The effective optical thickness in the j-th 
layer is shown. Moreover, eta in other formulas shall express the effective refractive index of a medium, a substrate, and each 
class, as shown in a formula (6). 
[Equation 3] 

{n/ cos9(p) 
ncos6(s) 

[0021] the aforementioned formula (6) - plane of incidence - receiving - parallel (p) or a perpendicular • (s) > -- Jt -cocPHpa^s to 
an incident light, respectively Moreover, an angle theta is incident angle thetao m an mcidence medium. It was matched by the 
Snell's law shown by the following formula (7). 

^SZ^m^La^ T and the rate R of a light reflex can be expressed like a formula (8) and a formula (9). 
[Equation 4' 

|t| 2 ...(8) 



T-|i 



R=M 2 .-.(9) 



Here, phase thickness deltaj of the thin film in which light is carrying out oblique incidence is given by the following formula 
(10).' 

pjSlXp^g » magnetic-subswroe thin film is an ideal Fabry Perot resonator, it is the effective refractive index [several 5) 
of a magnetic-substance thin film. 

n* 

A** type (11) -formula (14) It is shown. 

[0024] That is, when a magnetic-substance thin film is a high refractive index, the effective refractive index of a 
magnetic-substance thin film comes to be shown in a formula (1 1). 
[Equation 6] 
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n H :«Mr*li«>JMr< 

n L : ea*T$a©s&f* 



In this case, to the primary filter, the effective refractive index of a magnetic-substance thin film comes to be shown in a formula 
(12). 

[Equation 7] 

n*=(n H n L ) 1/2 — (12) 

[0025] Moreover, when a magnetic-substance thin film is a low refractive index, the effective refractive index of a 
magnetic-substance thin film comes to be shown in a formula (1 3). 



[Equation 8] 



n* = n L 



m-(m- 1 ) 



1/2 



(13) 



In this case, to the primary filter, it comes to be shown in a formula (14). 
[Equation 9] 

n * = ^ __ .-.(14) 



1- 



♦I- 



1/2 



[0026] Therefore, if it illustrates about the effective refractive index of the magnetic-substance thin film at the time of thinking as 
primary filter, it comes to be shown in Table 1 of drawing 4 . 

[0027] The magnetic-substance thin film winch constitutes a magneto-optics object is used as an optical film, and girt Ms that 
Licidence was carried out to the multilayer optical thin film shown in drawing 3 by theta 0. In this case, from a Snell s law an 
Sp angle becomes small and it is njdjcosthetaj. Effective optical thickness becomes long. Therefore, rf the thrckness of the 
magnetic substance becomes thick, a Faraday-rotation angle will become large so much. 

r0028tFor"ple, it is Si02 (refractive-index Mt=l .415) as a plantar-flexion chip box thin film. The magneto-optics object at 
ihe time of using good Si (Ms=3 1 1) of a translucency in an infrared light field as a high refraction 
addition you may use good germanium of a translucency in an infrared light field as a high refraction film. 
[00291 Although this optical isolator is constituted, in the center section as an example Bismuth substitution 

are-earth-iron garnet BiYIG (BiY) (3Fe 5012), BiTbIG (BiTb) (3Fe 5012) or cerium substitution rare ^earth iron garnet 
I SrIgTa maleto-optics thui film (for example, here BiYIG magneto-optics thin film) is used, on the both sides, respectively 

sS^ 

prepared the cascade screen [a dielectric multilayer] and was formed There is a magneto-optics object of the ^kyen of 
structure It is BiYIG here. A thin film is produced by the spatter etc. In addition, [a vacuum deposition and C VD (chemical vapor 
growth) are also] possible for production ofn(Si02/Si) multilayer except a spatter. 

S the above (Si02/Si) a cascade screen - and (Si/Si02) The refractive index Mt of Si02 of a .cascade screen .ssma le ^ than 
^ refractive index Ms of Si, and each thickness Dt and Ds is filling Ms, Ds=Mt and Dt=lambda / 4. Moreover, the BiTbIG ^thin 
filLis set to Nm-Dm=lambda or lambda/2 (the refractive index of the thin film of Nm:BiYIG, thickness of a Dm.BiYIG thin 

r00311 Localization of a strong light arises and the magneto-optics object of the above-mentioned composition shows the big 
^gnJto^S effect and high permeability, when incidence of the light of specific wavelength is earned «Un with 
Ms magneto-optics object, the laminating of the optical thin film which has a peculiar optical property is carried out to 
^SSSSJL, and since the interference film which light localizes is formed in a ^^^S"^ 
a stronger light (Si02/Si), it is called for that there is no disorder of the layer structure of n and (Si/Si02) n [a multilayer]. 
oS hi optical crystal characteristics are explained as contrasted with the electronic state of a general electronic 

crvsta As an optical crystal, the wavelength region which cannot spread light to a certain direction appears so that a band gap 
m^exiS fafe SgyTevel of an electronic crystal. This specific wavelength region is called photograph mck band gap, and 
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changes depending on the crystal structure. The photograph nick band gap (b) contrasted with the electronic state (a) is shown in 
drawing 5 . 

[0033] Moreover, it is equivalent to the defect of an electronic crystal that a part of periodic structure of a crystal has disorder, 
and the light of the specific wavelength in a photograph nick band gap comes to penetrate. The situation of a distribution of the 
standing wave of a magneto-optics object is shown in drawing 6 . With the magneto-optics object shown in drawing 6 , light is 
localizing strongly to a part for a core, and it can be said that a translucency with this unique localization and the big 
magneto-optical effect are brought about. Moreover, it turns out that big, high permeability is shown on the wavelength which 
strong localization produced as shown in drawing 7 . 

[0034] For example, two dielectric multilayers as a reflecting layer by which the laminating of two or more kinds of dielectric 
voxel material which has a different optical property was carried out by turns to the thickness with regularity (for example, 
cascade screen of Si02/Si.) The refractive index Mt of Si02 in this case is smaller than the refractive index Ms of Si. each 
thickness Dt and Ds Ms, Ds=Mt and Dt=lambda / 4 are filled In the magneto-optics object which has the magnetic-substance film 
(for example, the thickness sets to lambda or lambda/2) prepared between two dielectric multilayers this - When incidence of the 
light of specific wavelength is carried out, localization of a strong light arises, the big magneto-optical effect and high 
permeability are shown, and this invention person is verifying by experiment that the aforementioned magneto-optical effect can 
be enlarged more by using the rare earth iron garnet with a large Faraday-rotation angle as the aforementioned 
magnetic- sub stance film especially. 

[0035] Here, based on drawing 1 , the magneto-optics object 300 concerning the gestalt of the 1st operation of this invention is 
explained below. This magneto-optics object 300 uses for a reflecting layer two sorts of dielectrics with which refractive indexes 
differ, and is constituted. This magneto-optics object 300 has a 1 .3 1 -micrometer resonance wavelength, as a central layer (BiY) 
And below 3Fe5012 garnet film [ ] called a BiYIG film (magnetic-substance thin film 307) is only used suitably, on the both 
sides, respectively as a reflecting layer [two dielectric multilayers 3 10,3 1 1] The cascade screen of n layers of the Si film 320 (one 
dielectric thin film) and Si02 film 32 1 (dielectric thin film of another side) is used, respectively. 

[0036] The reflecting layer (dielectric multilayer 310,31 1) of such a magneto-optics object 300 has symmetrical film composition 
focusing on the central layer (magnetic-substance thin film 307), each dielectric film has the thickness of [wavelength lambda/(the 
refractive index M of 4x dielectric) of an incident light], and the laminating is carried out by turns. That is, it has regularity in 
thickness and the laminating is carried out to it. The thickness of Si02 film 321 is [1310-/(4x1.415)] =231nm, and the thickness 
of the Si film 320 is [1310-/(4x3.1 1)] =105nm. And BiYIG The central layer which consists of a film 307 has the thickness from 
which it separated from the regularity of a reflecting layer (3 10,3 1 1), and the thickness is 298nm. Here, it is refractive-index 
Ms=3 . 1 1 of the wavelength of lambda= 1 3 1 Onm of an incident light, and the Si film 3 20 (one dielectric thin film), and 
refractive-index Mt=l .41 5 of Si02 film 321 (dielectric thin film of another side). 

[0037] It is n/BiYIG(Si02/Si)/(Si/Si02) n to drawing 2 . It is change and Faraday-rotation angle thetaF [ as opposed to / object / 
magneto-optics / object / magneto-optics / of the multilayer of structure ] -specifically / 300 / in n= 3, and 4 and 5 ] the wavelength 
of an incident light / of permeability. It investigated. For drawing 2 , a vertical axis is permeability and Faraday-rotation angle 
thetaF, respectively. It is shown and each horizontal axis shows the wavelength lambda of an incident light. It is permeability and 
Faraday-rotation angle thetaF in near whose wavelength lambda is 1 3 1 Onm so that clearly from drawing 2 . It has the peak. 
[0038] The gestalt of this operation here, and 12(Si02/Ta 205)/BiYIG/(Ta205/Si02)12 which were mentioned above Each 
light transmittance and a Faraday-rotation angle are compared about the magneto-optics object of the multilayer of structure. 
[0039] The magneto-optics object 300 of the gestalt of this operation Two kinds of dielectric thin film [Si films 320 (one 
dielectric thin film), By taking the large difference of the refractive index (refractive-index Ms=3.1 1 of the Si film 320, 
refractive-index Mt=1.415 of Si02 film 321) of Si02 film 321 (dielectric thin film of another side)] Since the dielectric (dielectric 
multilayer 3 10,3 1 1) with which a refractive index is different from each other is used for the reflecting layer and it has the high 
resonance Q (resonance grade), localization of a stronger light can be shown in a core and the big magneto-optical effect can be 
obtained to it. For this reason, the big Faraday-rotation angle has been acquired by n= 3 13 layers and n= 4 with 17 layers and as 
few at n= 5 the number of membrane formation as 2 1 layers. 

[0040] And since a manufacturing cost becomes small and a process control also becomes comparatively easy by the ability 
lessening the number of laminatings of a dielectric thin film when acquiring a big Faraday-rotation angle in this way, the 
improvement of the manufacture yield can be aimed at. Furthermore, the property of an optical isolator and the improvement in 
the manufacture yield using these magneto-optics objects 300 are aimed at, and the thing of them can be carried out. 
[0041] Next, the magneto-optics object of the gestalt of operation of this invention and its manufacturing method are explained 
based on drawing 8 . The thin film of the thickness of lambda/4 which has a high refractive index on the good substrate of a 
translucency is formed on operating wavelength, such as glass, (for example, Si thin film), and the thin film of the thickness of 
lambda/4 which next has a low refractive index is formed (for example, Si02 thin film). This process is repeated n times and, 
next, a rare-earth-iron- garnet film (BiYIG thin film) is formed. Since a rare-earth-iron-garnet film does not have magnetism in an 
amorphous layer immediately after a spatter, it needs to carry out elevated-temperature heat treatment, and needs to crystallize a 
garnet. For this reason, annealing processing is performed. Furthermore, the thin film of the thickness with a low refractive index 
of lambda/4 is formed (for example, Si02 thin film), and the thin film of the thickness of lambda/4 which next has a high 
refractive index is formed (for example, Si thin film). It is n/BiYIG(Si/Si02)/(Si02/Si) n of this invention by repeating this 
process n times. The magneto-optics object of structure is formed. 

[0042] Moreover, order of Si thin film and Si02 thin film is made reverse, the thin film (for example, Si02 thin film) of the 



5 of 8 



7/9/03 11:49 AM 



http7/www4.ipdl.jpo.go.Jp/cgi-bltvtran_web_cgl_e))e 



thickness of lambda/4 which has a low refractive index from a substrate side is formed, and the thin film (for example, Si thin 
2S^^£3S» afl«mbdaM which next has a high refractive index is formed. (Si02/Si) The same is Sai d of the 
magneto-optics object of n/BiYIG/(Si/Si02) n structure. ^.jw.™*- 
J$431 However since a rare-earth-iron-garnet film does not have magnetism in an amorphous layer immediately after a spatter 
about manufacture of the magneto-optics object using the aforementioned rare earth iron garnet it ™^ c ^° Ut 
elevated-temperature heat treatment and to crystallize a garnet. On the other hand, the penodic structure is confused with 
e evaS-^atoe heat treatment, and a dielectric multilayer is kept (breaking). For this reason, the actual condition ^was tot it 
i v^ toublesome to manufacture the above-mentioned magneto-optics obj ect which used the rare earth iron garnet m order to 
obSthe big magneto-optical effect. With the gestalt of this operation, as shown in drawing , to mdium sheet 202 is set on the 
s7sttate eleLdfholder 201 by which water cooling was carried out, a substrate 203 [quartz glass] is laid on the indium sheet 

202 and the glassy carbon 204 as a condensing board is set on a substrate 203. . 

\00aTZ n layer 3 10 (on the other hand of the two dielectric multilayers.) which comes by turns to cany out tine laminating of 
Si film (dielectric voxel material) and Si02 film (dielectric voxel material) which have a deferent optical property shown in 
Sawmg 1 in a substrate 203 to the thickness with regularity (Si02/Si) n: The laminating of the number of lammatings is earned 
S sTfiMdielectric voxel matenal) and Si02 film (dielectric voxel matenal) are transparent in an infrared light region, and are 
fried w^ 

apparatus 220 What has the property of not melting in the case of heat-of-crystallization processing of a thin film 207 is 



Sid this (Si02/Si) n On a layer 3 10, it is BiYIG. A thin film 307 [a rare earth iron garnet] is formed. It is BiYIG by to 
Sdttroduction heating apparatus 220 so that it may mention later in this ^^^^^^f ( ^ 
film 307 is performed. Then, crystallized BiYIG n/BiYIG containing a thin film 307 (Si02/Si) 3 1 1 [ n (Si^Si02)-layer j (anotner 
£E f So dielectric muitilTyers) is formed upwards. n/BiYIG/(Si/Si02) n shown m^awin^ (S^Si The 
object 300 of structure is produced. Multi-target RF magnetron-sputtenng equipment perfonned production of the magneto-optics 

rOoS shown in drawing 9 , the aforementioned infrared introduction heating apparatus 220 contacted during heating the 
KdlenSig S which generates an infrared beam, the glassy carbon 204 which makes an infrared beam 
c^S pooler style 222 which cools the substrate electrode holder 20 1 on the front face of a glassy carbon 204, has 
been ananged and is equipped with the thermocouple 223 used for a temperature momtor. f 
StTS BmG by me infrared introduction heating apparatus 220 The substrate electiode holder 20 1 is cooled into case of 
heroiSl^ti 0 n processing of a thin film 307 , this lets a substrate 203 pass, and it is n (Si02/Si). A layer 3 10 is cooled On 
to oSmd ttlsBiYIG by the glassy carbon 204 which carried out the temperature rise by infrared radiation at to time of to 
hi ta^toi Ody atoi film 307 is heated and crystallized, in this case, an infrared beam is irradiated 

layer 3 10 1 printed. For this reason, n (Si02/Si) While it is lost that to periodic structure of a layer 3 1 0 is disturbed i .is 
bTyIG by to aforementioned heat treatment. A thin film 307 will be crystallized and to magneto-optics object 300 which has 
effective masnetism and has to outstanding magneto-optics property will be produced. , 1f , oo 

fSrwTth CgTstJ of this operation, it lets a substrate 203 pass, and is n (Si02/Si). Although to case where a layer 3 10 was 

ootd wTmSto to example, it is n (Si02/Si). You may constitute so that a layer 3 10 may be coole 1 directiy Dunng heat 
treatment by infrared-heating equipment 220, to thermocouple 223 was contacted on 204 _front 

temperature monitor was performed. A heat treatment pattern is shown in drawing 10. Moreover, it is BlYIG / ^ ^ h0US 

tincture immediately after [ whose ] membrane formation when heat-of-crystallization processing ; was earned out by such 
heTCmXi Crystallization progressed at to heat treatment temperature of 850 degrees C, and to thin film 307 showed to 
Se vatot to case where a Faraly-rotation angle is also heated and crystallized with to conventional electnc furnace. 
Moreover, BiYIG The field dry area or to crack were not looked at at all by to thin film 307. 

r0050] On to other hand, n/BiYIG (Si02/Si) is heat-treated by to same heating method, and it is n (Si/Si02) on it. The 
magneto-optics object of n/BiYIG(Si02/Si)/(Si/Si02) n formed and produced and to magneto-optics object of 
nMYIG(Si02/Si)/(Si/Si02) n structure which is not heat-treated as an object for companson were produced and the 
toaraam spectrum of each magneto-optics object was investigated. As for to magneto-optics object which is not 

peak had appeared at to place which is lambda= 13 lOnm. Moreover, it turns out tot ^. 1 ^^^^^ BB ^ 
magneto-optics object sharp to to place which a photograph nick band gap appears in a lambda- 1000- 800nm wavetengm 
3n and lambda= 1 sTonm heat-treated by to above-mentioned heating method shown m to gestalt of operation^ of tos 
Son has appeared Thus, to wave of to permeability spectrum of to magneto-optics object which was considered as 

"XhTch is not heat-treated and the magneto-optics object of to gestalt of tms operation was j J^angd s s. 
This is BiYIG bv inadiating an infrared beam using to infrared introduction heating apparatus 220 It is the heat treatment 
coitions ^which cTcrysMize a thin film 307, and is n/BiYIG(Si02/Si)/n (Si/Si02). It is shown that to penodic structure of 

to multilayer of structure hardly changes. /D vip«im/w fnmMn 

r00511 Moreover, to above-mentioned (Si02/Si) n/BiYIG/(Si/Si02) n which heat-treated n/BiYIG (Si02/Si), formedn 
(Si/Si02) and was produced on it as desenbed above The Faraday-rotation angle was investigated about to magneto-optics 
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object of structure. As a result (illustration abbreviation), it turns out that this magneto-optics object 300 has a big 
Faraday-rotation angle, with the gestalt of this operation, an infrared beam is irradiated intermittently - since it is made like (pulse 
heating is carried out) -- BiYIG crystallization of a thin film 307 more - precision it is made to a high thing 
[0052] Moreover, it is made to heat-treat quickly by condensing the infrared beam by the glassy carbon 204. In addition, you may 
be made to heat-treat, without foraiing this glassy carbon 204. With the gestalt of the aforementioned operation, the infrared beam 
from the infrared introduction heating apparatus 220 is used, and it is BiYIG. Although the case where heat-of-crystallization 
processing of a thin film 307 was performed was made into the example, as it replaces with this and is shown in drawing 1 1 , a 
laser beam is used, and it is BiYIG. You may be made to perform heat-of-crystallization processing of a thin film 307 (it is called 
the gestalt of the 2nd operation for convenience.). 

[0053] With this 2nd operation gestalt, a substrate 203 turns up the field where n/BiYIG (Si02/Si) was formed, it is set on the 
substrate electrode holder 20 1 , the laser beam from a laser light source 23 1 is irradiated at n/BiYIG (Si02/Si), and it is BiYIG. A 
thin film 307 is crystallized, moreover, a laser beam is irradiated intermittently - like (pulse heating is carried out) - a bird 
clapper - BiYIG crystallization of a thin film 307 - more - precision it can be made a high thing 
[0054] With the gestalt of this 2nd operation, while the cooler style 222 and cooling processing which were needed with the 
gestalt ( drawing 9 ) of the 1 st above-mentioned operation become unnecessary and the part and composition become easy, 
cooling operation is lost and improvement in productivity can be aimed at. The magneto-optics object 300 acquired with the 
gestalt of two above-mentioned operations has the big Faraday effect, as mentioned above, can be used for various optical 
devices, such as an optical isolator, and can demonstrate a good function. 

[0055] With the gestalt (the gestalt of the 1st operation, and gestalt of the 2nd operation) of this operation two dielectric 
multilayers by which the laminating of two or more kinds of dielectric voxel material which has a different optical property was 
carried out by turns to the thickness with regularity - this, although the heat treatment method was made into the example for the 
magneto-optics object 300 which has the magnetic-substance film prepared between these two dielectric multilayers It has the 
two rule laminating sections by which the laminating not only of this but the dielectric was carried out by turns to the thickness 
with regularity. The aforementioned dielectric consists of a dielectric multilayer with the periodic structure in which two or more 
kinds of dielectric voxel material which has a different optical property carried out the laminating to the thickness by turns with 
regularity. You may apply heat treatment (as a result, the manufacture method) shown in the magneto-optics object constituted as 
prepared the magnetic-substance film of a rare earth iron garnet between the two aforementioned rule laminating sections at this 
operation gestalt (the gestalt of the 1st operation, and gestalt of the 2nd operation). Also in this case, it means that the 
magnetic-substance film of the aforementioned rare earth iron garnet was crystallized, without disturbing the periodic structure of 
a dielectric. 

[0056] It sets in the gestalt (the gestalt of the 1st operation, and gestalt of the 2nd operation) of this operation, and is BiYIG. 
Although the case where a thin film 307 was used was made into the example, you may make it this invention use not only this but 
other rare-earth-iron-garnet thin films. 

[0057] Using the aforementioned magneto-optics object, as shown in drawing 12 , an optical isolator (gestalt of the 3rd 
operation) can be constituted. Profile composition of the optical isolator shown in drawing 12 is carried out from the 
magneto-optics object 300 (a Faraday-rotation child, magneto-optics element) which is established between polarizer 32A and 
analyzer 32B, and polarizer 32A and analyzer 32B, and is made to rotate the plane of polarization of light 45 degrees, and the 
permanent magnet 33 for using in order to impress a magnetic field. 

[0058] With the form of this 3rd operation, as mentioned above, the magneto-optics object 300 by taking the large difference of 
the refractive index of two kinds of dielectric thin films [the Si film 320 (refer to drawing 1 ) and Si02 film 321 (refer to drawing 
1 )] Since the dielectric (dielectric multilayer 3 10,3 1 1) with which a refractive index is different from each other is used for the 
reflecting layer and it has the high resonance Q (resonance grade) Localization of a stronger light could be shown in the core, and 
the big magneto-optical effect could be obtained to it, as a result the big Faraday-rotation angle has been acquired with the 
number of laminatings of a few dielectric thin film to it. 

[0059] And since a manufacturing cost becomes small, and a process control also becomes comparatively easy by the ability 
lessening the number of laminatings of a dielectric thin film about the magneto-optics object 300, when acquiring a big 
Faraday-rotation angle and the improvement of the manufacture yield can be aimed at, the optical isolator ( drawing 12 ) of the 
gestalt of the 3rd operation using the magneto-optics object 300 aims at improvement in the property and manufacture yield, and 
can carry out the thing of it. 
[0060] 

[Effect of the Invention] According to invention given in either from a claim 1 to a claim 3, two kinds of dielectric thin films 
Unlike the value of the optical refractive index of the dielectric thin film of another side, the value of the optical refractive index of 
one dielectric thin film can constitute the dielectric multilayer which is two in which a refractive index is different from each 
other, by this Localization of a stronger light can be shown in a core, and the big magneto-optical effect can be obtained to it, as a 
result a big Faraday-rotation angle can be acquired with the number of laminatings of a few dielectric thin film to it. For this 
reason, since the part and manufacturing cost which can lessen the number of laminatings of a dielectric thin film become small 
and a process control becomes comparatively easy, the improvement of the manufacture yield can be aimed at. 
[006 1 ] According to invention according to claim 4, since a manufacturing cost becomes small, and a process control also 
becomes comparatively easy, when a magneto-optics object can lessen the number of laminatings of a dielectric thin film and the 
improvement of the manufacture yield can be aimed at, about the optical isolator using this magneto-optics object, improvement 
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in the property and manufacture yield is aimed at, and the thing of it can be carried out. 

. : ...... : ... : ; :;;: :v.::::::::v::::;tt^:!:::^ 

[Translation done.] 
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